INTRODUCTION
Acute heart failure (AHF), 1 2 early development of left ventricular (LV) systolic dysfunction, 3 LV remodelling, 4 inflammatory responses during myocardial infarction (MI) 5 6 or newly developed acute kidney injury (AKI) 7 8 have been identified repeatedly to be independent and important factors influencing the long-term prognosis of patients with acute coronary syndrome Strengths and limitations of this study ▪ Strengths of this study include the evaluation of consecutive patients with STEMI treated by primary PCI; strictly given timepoints for evaluation of biomarkers in an acute phase of MI; comparison of a new biomarker (NGAL) with the 'gold standard' (BNP); and the addition of the evaluated biomarker to a validated clinical risk score (TIMI). ▪ Limitations of this study are the monocentric character of the study and the evaluation of allcause mortality rather than cardiovascular mortality.
(ACS). Therefore, it can be assumed that a biomarker with a relationship with all of these pathways could be used to stratify patients with ACS. Such a biomarker could be neutrophil gelatinase-associated lipocalin (NGAL or lipocalin-2). NGAL is a glycoprotein in complex with gelatinase stored in specific granules of mature neutrophils. 9 NGAL is also produced by other cell types, including cardiomyocytes. 10 NGAL is a component of the immune system. Secreted lipocalin-2 limits bacterial growth by binding bacterial siderophores, thereby preventing bacteria from retrieving iron from this source. 11 Through direct binding with matrix metalloproteinase-9 (MMP-9), NGAL inhibits its inactivation by tissue inhibitors of matrix metalloproteinase-1 (TIMP-1) and leads to its enhanced proteolytic activity with prolonged effects on collagen degradation. 12 MMP-9 activity appears to be important for LV remodelling after MI. 13 The NGAL concentration in urine and serum represents a sensitive, specific and highly predictive early biomarker for AKI. Increased values of NGAL have been observed 2 h after cardiopulmonary bypass surgery.
14 In patients with heart failure, in the early period after MI, NGAL levels are elevated in participants with New York Heart Association (NYHA) class-III heart failure compared with those with NYHA-I or NYHA-II heart failure, and elevated levels at baseline are associated with long-term adverse outcomes. 10 An increased NGAL level has been demonstrated to be an independent predictor of mortality and cardiovascular disease in a community of older adults. 15 On the basis of the relationship between NGAL and several negative prognostic issues in patients with ACS, we evaluated the benefits of measuring the NGAL level on hospital admission for prognostic stratification in addition to the clinical predictive scoring model TIMI. Also, we evaluated the benefit of measuring the NGAL level compared with B-type natriuretic peptide (BNP) as one of the best studied biomarkers for risk stratification of patients with ACS.
METHODS
Ethical approval of the study protocol Written informed consent was obtained from all participants before participation in the study. The study protocol complied with the Declaration of Helsinki, and was approved by the Ethics Committee of Faculty Hospital Brno (Brno, Czech Republic).
Study population
Patients with acute ST elevation myocardial infarction (STEMI) admitted to the Coronary Care Unit (CCU) of the Cardiology Department of University Hospital Brno were enrolled. The diagnosis of STEMI was based on symptoms consistent with MI in conjunction with appropriate changes on electrocardiography (ECG), that is, i. e., ST-segment elevation or new left bundle branch block. The patients were enrolled in the study immediately on admission according to the discretion of the attending physician. A marker of myocardial necrosis, high-sensitivity cardiac troponin I (hs-cTnI) was assessed exactly 24 h after the onset of chest pain. Exclusion criteria were: age >80 years; known or newly diagnosed malignancy; inflammatory disease or connective tissue disease; estimated life expectancy due to noncardiovascular reasons <12 months; geographic factors (distance from the place of residence to the hospital of >100 km without the possibility of follow-up); and findings on coronary angiography of an absence of stenosis with reduction of the intraluminal diameter of coronary arteries >50%. Thirteen patients after cardiac arrest and cardiopulmonary resuscitation were not included in this analysis. Standard therapy (ie, ACE inhibitors (ACEIs), β-blockers, statins and dual antiplatelet therapy) was initiated as soon as possible. Patients were treated in accordance with current guidelines for the management of acute MI presenting with persistent ST-segment elevation. 16 17 Percutaneous coronary intervention (PCI) was undertaken mostly by radial access and, if needed, tromboaspiration was carried out. 18 The diagnosis of AHF was assessed according to clinical signs on hospital admission and/or during hospitalisation (Killip class I-IV). Killip II was defined as pulmonary congestion with wet rales in the lower half of the lung fields or S3 gallop. Killip III ( pulmonary oedema) was accompanied by severe respiratory distress, with crackles over the lungs and orthopnea with O 2 saturation usually <90% before treatment. Killip IV (cardiogenic shock (CS)) was defined as evidence of tissue hypoperfusion induced by heart failure after correction of preload, mostly with systolic blood pressure (SBP) <90 mm Hg ongoing for ≥30 min.
Laboratory analyses
Samples of venous blood for NGAL and BNP analyses were drawn immediately on hospital admission before primary PCI. Samples were centrifuged within 10 min in a refrigerated centrifuge, and the plasma and serum were stored at -80°C. Standard biochemical and haematological blood tests were done immediately on hospital admission before primary PCI. Troponin I (Abbott Laboratories, Abbott Park, Illinois, USA) was analysed exactly 24 h after the onset of chest pain. BNP was analysed using the AxSYM BNP-Microparticle Enzyme Immunoassay (Abbott Laboratories, Chicago, Illinois, USA). BNP on admission was available only for 431 patients. NGAL was analysed using NGAL Rapid Elisa kits (Bioporto Diagnostics, Copenhagen, Denmark).
Echocardiographic assessment
Echocardiography was carried out during the index admission (between the third and fifth day after MI onset). LV ejection fraction (LVEF) was estimated using the biplanar Simpson's rule from apical two-chamber and four-chamber views. Echocardiography was assessed by one operator using the Vivid 7 system (GE Vingmed Ultrasound, Horten, Norway).
Follow-up
Patients were subsequently followed up at an outpatient clinic of the University Hospital Brno. Deaths, hospitalisations for AHF or MI, unplanned revascularisations (PCI or coronary artery bypass grafting) and strokes were recorded and evaluated. All surviving patients were followed up for at least 1 year; the median of follow-up was 2.7 years.
Statistical analyses
Standard descriptive statistics were applied in the analysis, that is, absolute and relative frequencies for categorical variables, and median frequencies supplemented by 5th and 95th centiles for continuous variables. The statistical significance of differences among groups of patients was computed using the maximum likelihood χ 2 test for categorical variables, and the Kruskal-Wallis test for continuous variables. Owing to the non-linearity of biomarkers, they were logarithmically transformed using the base logarithm of two.
The discriminative ability of the thrombolysis in MI (TIMI) score as well as levels of BNP and NGAL was evaluated by the c-statistic (identical to the area under the receiver operating characteristics (ROC) curve) with end points of 1-year all-cause mortality, hospitalisations for AHF, strokes, reinfarctions and unplanned revascularisations (PCI or coronary artery bypass grafting). The subgroup of patients with available BNP (431 patients) was comparable with the whole cohorts of patients, data not shown.
The ability of levels of BNP and NGAL to improve prediction of the TIMI score was evaluated. The biomarker was added to the TIMI score, and the area under the ROC curve was compared with TIMI alone. Biomarkers were used as continuous parameters in this model. Logistic regression was used to build the predictive model, which comprised the TIMI score and biomarkers. The addition of the predictive value of biomarkers to the score was assessed by category free net reclassification improvement (cfNRI) and the integrated discrimination index (IDI).
A multivariate model was performed to demonstrate NGAL and BNP as independent predictive factors of 1-year mortality. The multivariate model was built using logistic regression. Parameters included in the multivariate model were selected according to the statistical significance in univariate models. Two multivariate models were built, one without and one with BNP.
RESULTS

Baseline characteristics
We evaluated 673 patients hospitalised due to confirmed STEMI. The baseline characteristics of the study population divided according to the tertiles of NGAL values are presented in table 1. The 1-year mortality was 6.4%. Patients with higher NGAL levels on hospital admission tended to be older; prior to admission, they were often treated with ACEI/ARBs and β blockers, they were more likely to have hypertension and AHF (Killip III and IV). Also, they had higher levels of creatinine and BNP and lower levels of haemoglobin on hospital admission.
NGAL or BNP as independent predictive factors of 1-year mortality Multivariable analyses were performed, and among important usual prognostic parameters (sex, age, SBP, AHF, diabetes mellitus, LVEF, body mass index, glycaemia, haemoglobin and creatinine), only NGAL (OR 1.939, 95% CI (1.313 to 2.863), p<0.001) and LVEF (OR 0.913, 95% CI (0.879 to 0.948), p<0.001) were identified as independent predictive factors of 1-year mortality. When BNP was also included in the model, only LVEF, body mass index and BNP were independent predictive factors (table 2).
Risk of death and hospitalisation due to AHF According to calculated values of the ROC of the cstatistics, TIMI score, NGAL and BNP levels were able to detect patients on admission with risk of death or hospitalisation due to AHF during the first year. The best early predictor for risk of readmission due to AHF seems to be an elevated BNP value (AUC 87.0). There was no clinically significant relationship between the values of TIMI score, NGAL or BNP and the occurrence of stroke. We found only a weak relationship between increased levels of NGAL and BNP and the occurrence of unplanned revascularisation or reinfarction (AUC <70) (table 3). On the basis of these results, the combined end point of death and hospitalisation for heart failure was defined, which also considers the pathophysiological relationships with evaluated biomarkers.
According to c-statistics results, the optimal cut-off value for an increased risk of 1-year mortality was 150 pg/mL for the BNP level, and 84 pg/mL for the NGAL level on hospital admission (table 4). A combination of the clinical model TIMI score together with the NGAL level had the highest predictive value for prediction of the risk of death (AUC 83.6, sensitivity 83.7% and specificity 75.6%). The addition of BNP did not improve the model (table 4) .
Risk of combined end point
A BNP value of >150 pg/mL and the combination of the TIMI score with an NGAL level ≥83.4 pg/mL predicted the occurrence of the combined end point of death and/or hospitalisation for AHF with an AUC of 80.6 or 82.2, respectively. An addition of the TIMI score to the BNP did not improve the predictive value compared with BNP itself (table 3) .
Reclassification analyses
The addition of the predictive value of NGAL, BNP and both biomarkers to the TIMI score was assessed by cfNRI and IDI. The estimated risk of mortality was †BNP on admission is available only for 431 patients. Laboratory parameters were analysed on hospital admission. Only the level of troponin I was analysed 24 h after the onset of chest pain. Levels of cholesterol were analysed in fasting patients on the first morning of hospitalisation in patients who survived the first 24 h. Bold typeface highlights statistically significant results. AHF, acute heart failure; ACEI, ACE inhibitors; ARBs, antagonist for type 2 of receptor for angiotensin II; BNP, B-type natriuretic peptide; BP, blood pressure; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NGAL, neutrophil gelatinase-associated lipocalin; TIMI, thrombolysis in myocardial infarction. calculated using the TIMI score for the study population. After using the new models, comprising either the TIMI score and BNP level, or the TIMI score and NGAL level, or the TIMI score and both BNP and NGAL levels, the predicted risk was recalculated. Further, cfNRI was used to evaluate if the addition of a biomarker (BNP, NGAL or both) led to a better reclassification of patients compared to the clinical model TIMI score. The inclusion of NGAL and BNP values led to significantly better categorisation of patients (80.6% and 55.7% of them were reclassified, respectively). The addition of both (NGAL and BNP) did not show better results. The integrated discrimination improvement (IDI) index for NGAL, BNP and both were 0.083, 0.038 and 0.060, respectively (all p<0.01) (figure 1).
NGAL as a simple tool for risk stratification on admission Figure 2 demonstrates NGAL as a simple tool for quick stratification of patients into three groups according to the risk of 1-year mortality: low-risk group with NGAL on admission <70 pg/mL (risk of death <3%, sensitivity 81.4%, specificity 52.14%, negative predictive value 97.6%; p<0.001), intermediate-risk group with NGAL 70-110 pg/mL (risk of death 3-5%) and high-risk group with NGAL ≥110 pg/mL (risk of death 20%, sensitivity 58.1%, specificity 84.2%).
DISCUSSION
We evaluated the possibility of using the NGAL level for early risk stratification of patients with STEMI treated by primary PCI. The NGAL level was significantly higher in high-risk patients on hospital admission, as well as the values of BNP and the clinical model TIMI score. According to ROC analysis, NGAL, BNP and TIMI scores are useful for the early risk stratification of 1-year mortality and risk of readmission for AHF. Only weak or no association was detected between NGAL, BNP and TIMI scores and other evaluated cardiovascular end points (strokes, reinfarction and unplanned revascularisation).
In general, the prognostic value of biomarkers should be evaluated in addition to clinical scenarios. From this viewpoint, we have demonstrated that the NGAL and BNP levels bring a significant additive prognostic value to the TIMI score according to reclassification analyses. We used as a clinical model the TIMI score, although it was originally built for prediction of a 30-day mortality of patients with STEMI; 1 later, it was validated and used for a 6-month and 1-year mortality. [19] [20] [21] [22] In a daily clinical practice, we need a simple tool to identify really high-risk patients requiring increased attention. A level of NGAL >110 pg/mL identifies very high-risk patients with a 1-year mortality of 20%.
Using multivariate analyses, we demonstrated that NGAL is truly an independent predictive factor of 1-year mortality. Although pathophysiological roles of both evaluated biomarkers, NGAL and BNP, seems to be complementary (the BNP level is affected primarily by congestion, increased myocardial stress and partly by ongoing ischemia, 23 the NGAL level is related to possible future LV remodelling, renal injury within the cardiorenal syndrome, and inflammatory reactions) and evaluation of both markers simultaneously has no significance for a risk stratification in clinical practice.
Our results are consistent with a study that demonstrated in 584 patients with STEMI that an elevated Figure 1 Reclassification of 1-year mortality risk for death in patients with the addition of BNP, NGAL and BNP+NGAL to the TIMI score model. The addition of the predictive value of biomarkers to the TIMI score was assessed by cfNRI and the IDI. BNP, B-type natriuretic peptide; cfNRI, category free net reclassification improvement; IDI, integrated discrimination index; NGAL, neutrophil gelatinase-associated lipocalin; TIMI, thrombolysis in myocardial infarction. Figure 2 One-year mortality in groups of patients stratified according to the NGAL levels, BNP levels on admission and TIMI risk score. BNP, B-type natriuretic peptide; NGAL, neutrophil gelatinase-associated lipocalin; TIMI, thrombolysis in myocardial infarction.
value of NGAL above the 75th centile (170 pg/mL) is an independent prognostic factor of all-cause mortality and combined cardiovascular end point (cardiovascular mortality and hospital readmission due to recurrent MI or heart failure). 24 In addition, we bring an evaluation of NGAL together with a validated clinical model and a comparison with BNP.
Study limitations
The present study had several limitations. First, it was at a single centre. Second, all-cause mortality but no cardiovascular mortality was evaluated. Third, more information would probably be obtained by the evaluation of NGAL in subsequent time points, Fourth, BNP was evaluated in only 431 patients, but baseline characteristics of this subgroup were comparable with the whole population.
CONCLUSION
An increased NGAL level assessed on hospital admission in patients with STEMI provides additional information to the established clinical model (TIMI score) for assessment of the risk of all-cause mortality at 1 year as well as the risk of all-cause mortality and readmission for AHF.
